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Abstract

Using a new dataset on technology usage in U S. manufacturing
pl ants, this paper describes how technol ogy usage varies by plant
and firm characteristics. The paper extends the previous
l[iterature in three inportant ways. First, it examnes a wde
range of relatively new technol ogi es. Second, the paper uses a
much |l arger and nore representative set of firns and establishnents
t han previous studies. Finally, the paper explores the role of
firmR&D expenditures in the process of technol ogy adoption. The
main findings indicate that |arger plants nore readily use new
technol ogi es, plants owned by firnms with high R&-to-sales ratios
adopt technol ogies nore rapidly, and the rel ati onshi p between pl ant
age and technol ogy usage is relatively weak.
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Econom sts have | ong studied the devel opnment and diffusion of new
technol ogies. This interest stems fromthe fact that technol ogi cal progress
is one of the basic engines of economic growmh. In Landau (1986) it is stated
that "fromone-third to one-half of all our growmh has come fromtechnica
progress and that it is the principal driving force for long-termgrowh...in
industrial societies."® In an oversinplification, one can break down the
process of technol ogical progress into two stages. First, there is the
i nnovati on stage where new products and new techni ques are devel oped.? Next,
there is the diffusion stage where the new products and new techni ques are
integrated into the econony. It is the diffusion stage, and in particular the
usage of new production technol ogies, that is examined in this paper

Early enpirical studies by Giliches (1957) and Mansfield (1968) explore
the diffusion of innovations in agriculture and manufacturing. These studies
exam ne the speed at which innovations diffuse through sectors and the
characteristics of industries and firnms which | ead to faster technol ogy
adoption. In addition to these sem nal works, a |arge nunber of case studies
anal yze the patterns of technol ogy adoption for individual industries and
i ndi vidual innovations. Romeo (1975) exam nes the adoption of numerical
controllers in U S manufacturing firns. Mre recently, Hannan and MDowel
(1984) | ook at the spread of automatic teller technology in the banking
i ndustry, Levin, Levin and M esel (1987) exam ne the diffusion of optica
scanners, and Kelley and Brooks (1991) investigate the case of programmable
controllers. These papers focus on the inportance of firmcharacteristics
such as absolute size, market share, work-force skills and industry
characteristics such as market concentration, R& intensity and scale
econoni es as basic deterninants of technol ogi cal adoption and diffusion

This paper extends this work in several directions. First, it explores
a broad set of plant and firm characteristics to explain technol ogy usage.

The plant-level characteristics include size, age, and whether the plant
engages in defense related production. The firmcharacteristics are R&D

expendi tures and ownership type (single or nultiplant producer.) In



particul ar, the paper focuses on whether young plants are nore likely to bring
new production technologies into an industry than ol der plants and whet her
firms that are nore R&D intensive are nore |ikely to adopt new production
technol ogi es. Second, the paper examines a relatively large set of production
technol ogi es across a large sanple of plants. |In this study, statistics on
t he adoption of 17 individual technol ogies for roughly 10,000 plants are
presented, and detail ed anal yses of six of these technol ogi es are perforned.
Lastly, the paper exanines the conplenentarity of new technol ogies. The
guestion - Do plants which adopt one technol ogy have a tendency to adopt other
technologies as well? - is addressed. The overall goal of this research is to
provi de new evi dence concerning the variation in technol ogy adopti on across
pl ants, across firns, and across innovations.

This study uses a relatively new data set based on the 1988 Survey of
Manuf act uri ng Technol ogy (SMI). The SMI surveys approxi mately 10, 000
manuf acturi ng establishnments about the use of 17 individual advanced
technol ogi es. These technol ogi es are general innovations primarily used in
t he design or production of manufactured products. The 17 technol ogi es can be
broadly classified into five technol ogy groups including: design and
engi neeri ng (CAD/ CAM, fabrication/machining and assenbly (robotics, |asers),
automat ed material handling, automated sensors, and comuni cation and contro
(conmputers, networks, programmable controllers). |In addition, data on plant
characteristics such as size, age, industry, and defense production are also
col | ect ed.

The investigation of the SMI data shows that technol ogy usage varies
systematically with plant-level characteristics. The results indicate that
technol ogy use is positively correlated with plant size. This finding is
consistent with the previously cited literature (e.g. Mansfield, Ronmeo, and
Kell ey and Brooks.) Additionally, plants that are owned by nmulti-unit firmns
and plants engaged in defense related production are generally nore likely to

use advanced technol ogies. The relationship between plant age and technol ogy



adoption is less clear cut and varies across technol ogies. The findings do

i ndicate that ol der plants appear to use nunerically controlled machi nes and

pi ck and place robots at higher rates than younger plants. Wth respect to

technol ogy conplenentarity, technol ogy usage is correl ated across

technol ogies. Plants using (not using) one advanced technol ogy tend to use

(not use) other technologies. Finally, plants that have hi gh-levels of past

R&D expenditures relative to sal es have higher rates of technol ogy adoption.
The paper is organized as follows. The second section provides a

description of the data used in the enpirical analysis. The third section

outlines the enpirical nodel and estimation nethods. The fourth section gives

the empirical results and the | ast section provides sumary coments.

[l. Data

To exam ne technol ogy usage in U S. manufacturing, we utilize the
relatively new Survey of Manufacturing Technol ogy. This survey, conducted by
the Census Bureau in 1988, asks manufacturing plants about the use of 17
separate technol ogi es that are grouped into five advanced technol ogi es
categories.® These main technol ogy categories are design and engi neering (DE)
made up of conputer automated design/conputer automated manufacturing
(CAD/ CAM) technol ogies and ; fabricated machining and assenbly (FMA) including
| asers, nunerically controll ed nachi nes, and robotics; automated materia
handling (AVH) - this includes automatic storage and retrieval systens and
automati ¢ gui ded vehicle systens; automated sensors (AS) which includes
i nventory control on materials, parts, and final products; and comruni cation
and control which includes Local Area Networks (LAN), progranmable controllers
and conputers used on the factory floor. A list of the 17 individua
technol ogies with a brief description is given in Table 1

The establishnments in the data set were initially drawn fromthe 1987
Census of Manufactures. A sampling frane of approximately 40, 000

establishments with twenty of nore enpl oyees was created from major industry



groups 34 - Fabricated Metal Products, 35 - Nonel ectrical Mchinery, 36 -

El ectric and El ectronic Equi prent, 37 - Transportation Equi prent, and 38 -
Instrunents and Rel ated Products. Fromthis sanmpling frame, a mailout sanple
was sel ected that contained 10,526 establishments. Overall, response rates
were high with the Census receiving 9682 reports.* O those not responding,
only 121 refused to conplete the survey. The rest were either out of business
or the addressee could not be located. |In addition to data on technol ogy
usage the survey also contains information on plant age, industry, enploynent
size class, product market, defense contracting status, and ownership

Table 2 provides data on the percent of establishments using a technol ogy
broken out by mmjor industry group. The data in the tables are weighted to
reflect population totals.® Looking across technol ogi es those nost frequently
used are computer aided design, nunerically controlled nachi nes, programmable
controllers, and conputers used on the factory floor. The |east enpl oyed
technol ogi es are automatic storage/retrieval systens, guided vehicle systens,
and | asers. Anong industries, industry 34 (Fabricated Metal Products) has the
| owest percent of establishments using advanced technol ogies. In the other
four industries, the pattern of technol ogy adoption varies quite
substantially. Over half the plants in Nonelectrical Machinery (35) utilize
nunerically controll ed machi nes. Establishnents in the El ectronic Products
(36) and Instrunments (38) industries use conputer based technologies to a
great extent including CAD and CC technol ogies. Robotics are nost preval ent
in Transportation and El ectroni c Products.

Tabl e 3 gives sone basic neasures of technol ogy usage intensity broken
down by industry, plant size and plant age. The second columm of Table 3
reports the percentage of establishnment utilizing none of the 17 technol ogi es
given in Table 1. The third and fourth columms give the percent of
establishnments that have adopted at |east one of the technol ogies and the
percent of establishnents that have adopted five or nore, respectively.

Looki ng at the sanple as a whole, 23.7 percent of the establishments fail to



adopt any of the listed technologies while 23.1 percent adopt five or nore of
the technol ogies. The pattern of technol ogy usage vari es sonmewhat across the
maj or two-digit industry groupings. The Fabricated Metal Products industry
has the | owest overall usage in any of the categories. The percent of
establishnments using at | east one technology is highest in industry 35.
However, for those plants using five or nore technologies - industries 36 and
37 have the | argest percentages.

The pattern of technol ogy usage di saggregated by size is clear cut. As
si ze increases the usage of advanced technol ogies increases as well. For
plants in the 20-99 enploynent size class, a little over thirty percent use
none of the advanced technol ogies, while only 1.5 percent of plants with
greater than 500 enpl oyees fail to use any of the technol ogies. The pattern
is simlar as technol ogy usage rises. Seventy-nine percent of plants in the
| argest size group use 5 or nore of the technol ogies while only 13.2 percent
of the smallest plants used five or nore. Finally, technol ogi cal usage
appears to vary less by age than by size. For the group of plants that adopt
no technol ogi es or at |east one technology, there is little difference across
the four age groups. For plants adopting five or nore technol ogi es, the
proportion of plants in the over 30 age group is somewhat higher than average
whi |l e the youngest group is |ower than average.

Two points concerning the usage data should be noted. First, the
i nnovations are not specific to a particular industry. Most innovations
included in the survey are general in nature and can be used in a w de range
of manufacturing industries. Second, while we know whether a plant uses or
does not use a specific technol ogy, we do not know the intensity of usage.
Therefore, a plant experinenting with a technology and a plant fully utilizing
t hat same technol ogy woul d both appear as equival ent users of the technol ogy

in this survey.

[11. Enpirical Model



In this section we present an enpirical nodel of technol ogy usage. The
goal of the enpirical nodel is to describe how plant technol ogy use varies
with plant characteristics. The dependent variable, Y;,, equals one if a plant
uses a given technol ogy, zero otherwi se. The technology indicator variable is
then regressed on a set of plant characteristics and industry controls. To
estimate this nodel, we assune that the error termof the regression, u;, has
mean zero and variance F>. The equation is then estimated in the formof a
probit nodel (Maddala 1983) where

Prob(Y,=1) = Prob(u; $ - $' X)
=1- M- $X)
and (1)
Prob(Y,=0) = Prob(u; < - $ X)
= M(- $ X)
Mis the cdf of the standard nornal, $ is a vector of paraneters to be
estimated, and X is a matrix of independent variables.® The usage probits are
estimted separately for six of the individual technologies given in Table 1:
Conput er Ai ded Desi gn/ Conput er Ai ded Engi neering (CAD/ CAM, Nunerica
Control l ers/ Conputer Nunerically Controlled Machines (NC/ CNC), Automated
Sensors for Materials (AS/ Materials), Pick and Place Robots (Robotics), Loca
Area Networks Used on the Factory Floor (LAN), and Conputers Used on the
Factory Floor (Conputer). These technol ogies were chosen to reflect
t echnol ogi es that have relatively w de-spread usage - NC/ CNC and CAD/ CAM
technol ogi es with noderate usage - LAN and Computers, and technol ogi es that
have relatively | ow usage rates - Robotics and Autonmatic Sensors.

Note in contrast to the standard nodeling of technol ogical adoption, this
approach does not enpl oy proportional hazard techniques. The reason for this
is that the data contain information only on technol ogy usage at a point in
time, nanmely 1988. The data do not indicate when the technol ogy was adopted
or how |l ong the plant has been using the technology. This linmits the analysis

to the examnmination of a point on the diffusion path as opposed to an



estimation of the diffusion curve itself. Therefore, the usage of technol ogy
is exam ned but not the pattern of diffusion

The X, matrix in (2) contains variables representing primarily plant-
| evel characteristics. The explanatory variables include a dummy variable to
control for whether a plant is owned by single-unit firmor a multi-unit firm
The vari able equals one if the plant is owned by a nulti-unit firm otherw se
it is equal to zero. For the sanmple of plants under analysis here, 58 percent
of the plants are owned by rmulti-unit firns. A dummy variable is included to
capture the effect of defense related production on technol ogi cal adoption.
The dumry variable equals one if the plant produces 25 or nore percent of its
out put under defense related contracts or subcontracts, otherw se it equals
zero.” Under this definition, roughly 14 percent of the plants in the sanple
engage in defense rel ated production

One of the main focuses of this paper is to exani ne how technol ogy usage
varies with the size and age of the plant. Plant size is included in the
nodel to capture differences in relative efficiency across plants. The work
of Jovanovi c (1982) and Pakes and Ericson (1989) predict size and efficiency
are positively correlated. Accordingly, we postulate that large firns will be
the nost able and likely to take advantage of the newest technol ogies.
Addi tionally, Schunpterian nodels of innovation activity al so suggest that
size and the ability to innovate should be positively correl ated.

There are several reasons why one nmay observe dissinilar technol ogy
adoption patterns across plants of different ages. One m ght expect younger
pl ant to have hi gher adoption rates because they are recent vintage plants.
New pl ants have the opportunity to choose the newest avail abl e technol ogy when
they are designed and constructed. Thus, if older plants face convex
adj ustment costs when updating their technology, then the distribution of new
t echnol ogi es may be skewed toward younger plants.® Countering this argunent
is the possibility that survival is positively correlated with adoption. |If

plants which fail to adopt new technol ogi es have higher exit rates, then the



observed distribution of surviving plants froman entry cohort will be skewed
toward plants that adopted. |In this scenario, the younger plant cohort has
not conpleted this selection process, and thus, non-adopters will nmake up a
| ar ger percentage of the younger cohorts.

The age and size effects will be included in the nodel as a set of 11
i nteracted dunmy variables. |In the SMI, plants are grouped into three
enpl oynent size categories - 20-99 enpl oyees, 100-499 enpl oyees and >= 500
enpl oyees. The plant age variable, relative to 1988, provides four age
classes - plants built less than 5 years ago, plants built 5 to 15 years ago,
plants 16 to 30 years ago, and plants over 30 years old.® The three size and
four age dummies are fully interacted which yields 12 size-age classes. In
the estimation the omtted group represents plant with 20-99 enpl oyees and
| ess then five years in operation

Tabl es 4a-4f. present usage rates for the six technol ogi es di saggregated
by plant age and plant size.' The data are broken out into the three size
groups and four age cl asses di scussed above. The last rowin each table
contai ns the mean usage rate for each size class while the last col um
contai ns the mean usage rate for each age class. The data reveal that the
usage rates increase with size for all six technologies. This pattern is also
found when age is held constant. That is, within an age group usage rate
increases with size. The age results, however, are m xed. For the entire
sample (the last colum in each of the tables), it appears that adoption rates
i ncrease as plant age increases. This effect is considerably smaller than the
observed size-adoption rate pattern. However, holding size fixed (looking
down the colums), the pattern beconmes less clear. For many of the
technol ogies, the within size group adoption rates are relatively flat or even
decrease with age. These patterns of technol ogy adoption by age and size of

plant are nore fully explored in the next section.

V. Enpirical Results



The results of the usage probit analysis are reported in four parts. The
first set of results provides estimates of the basic adoption nodel for the
si x individual technologies. The second part of the analysis exam nes the
possibility of technol ogy conplenentarity across the individual technol ogies.
The third section exam nes the inportance of firmR& intensity on technol ogy
usage. The final part reports on alternative specifications and alternative

definitions of the adoption variable.

Technol ogy Usage Probit Results

Table 5 reports the estimates fromthe adoption probits for the six
i ndi vi dual technol ogies. The first page of the table presents the findings
for the Conputer Aided Design/ Conputer Aided Manufacturing (CAD CAM,
Nunerical ly Controll ed/ Computer Nunerically Controlled Machi nes (NC/ CNC), and
Pi ck and Pl ace Robots (Robotics), while the second page contains the results
for the remaining three technol ogies - Autonated Material Sensors
(AS/ Materials), Local Area Networks used on the Factory Floor (LAN), Conputers
Used on the Factory Floor (Conputers).' The base group represented by the
intercept in the probits are small (TE 20-99) and young (< 5 years), single-
unit plants operating in SIC industry 341 that do not produce defense rel ated
products. All the probits include three-digit industry dunm es, although
because of space limtations, these paraneters are not-reported.

Exam ning first the size effect, it is clear that adoption rates

i ncrease as plant size increases, holding age fixed. For CAD/ CAE technol ogy,
the probit size-age paraneters for age group > 30 years rise nonotonically
from-.289 to 1.347 going fromplants with 20-99 enpl oyees to plants with 500
or nore enployees. This pattern occurs in all six technology probits and for
all four age groups. The observed strong size effect is consistent with
previous work exanmining the effect of size on the adoption of technol ogies

(Romeo, Hannan and McDowel |, and Kell ey and Brooks).



The age results, however, vary considerably across technol ogi es and are
generally weaker. For plants in the 20-99 size group, it appears that younger
pl ants have hi gher adoption rates than older plants in all technol ogi es except
NC/ CNC and Robotics. The age effects, holding size fixed, are relatively flat
for the remaining two size groups except for NC/CNC and Robotics technol ogi es.
In these two probits, adoption rates are higher for older plants holding size
fixed. Non-interacted nodels of age and size indicate sinmlar patterns -
strong size effects and relatively weak age effects.’ These age results are
consistent with two basic stories. One is that there is no advantage or
di sadvant age i n adopting technol ogi es associated with plant age. A second
alternative is that sanple selection may be biasing the age paraneters
downward for young plants. This sanple selection stenms fromthe fact that
only successful old plants are observed (See Evans (1986) and Dunne, Roberts
and Saruel son (1989) for a discussion in the context of plant growth.) These
will tend to be the nost efficient plants fromtheir cohorts. The young pl ant
cohort, on the other hand, contains both efficient and inefficient plants.

The age paraneters, therefore, pick up both differences in plant age and
differences in efficiencies. |In part, the size paraneters, which proxy for
relative efficiencies, should control for this problem However, the
possibility exists that the age paraneters are still biased if size does not
sufficiently index relative plant efficiency.

Exam ning the remaining variables in the nodel, the multi-unit dumy
i ndi cates that plants owned by nulti-establishment firms have hi gher adoption
rates. The effect of defense related production on technol ogy usage is al so
general ly positive and statistically significant. A surprising exception is
the case of robotics; plants engaged in defense rel ated production use that
technol ogy at |ower |evels.

Overall, the individual probits have sinmilar fits. The Likelihood Ratio
I ndex (See Greene, p. 682) for the 6 probits given in Table 5 vary between a

low of .109 for LAN' s and a high of .236 for Robotics. The sinple
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correl ati ons between the adoption variable and the predicted probability vary
between .40 and .50 across the six technologies. Finally, joint tests of
signi ficance on the industry dumr es indicate substantial differences in
adoption rates across the three-digit industries.®

To close out the analysis of the basic usage probit results, Figure 1
presents a graph showi ng how the probability of usage varies by plant size for
the six technologies. 1In this analysis a continuous measure of size, included
in the probits as the log of total enployment and | og of total enploynent
squared, is used in the graphs.™ The intercept is constructed as the average
of the fitted variables fromthe probits excluding the size neasures. The
graph clearly shows the difference in overall usage rates. Robotics and
AS/ Materials have relatively | ow usage while CAD/ CAM and NC/ CNC have
relatively high usage rates. |In all the technol ogy groups, the probability of
usage increases with size, however, the three conputer-based technol ogies -
CAD/ CAM LAN, and Conputers have sonmewhat steeper slopes in the small to
m ddl e size range (20-500 enpl oyees). AS/ Materials and Robotics technol ogi es
i ncrease nore dramatically in the greater than 500 size range. Finally,
NC/CNC has the flattest relationship between size and adopti on.

The results clearly show that technol ogy usage is positively correl ated
with size, nulti-unit status, and defense contracting (5 of 6). The age
results are generally weaker. Young small plants appear nore inclined to use
new t echnol ogi es than ol der small plants. Also, older plants nore readily use
fabrication technol ogi es such as NC/ CNC and Roboti cs.

Technol ogy Conpl enentarity

In the preceding analysis, the choice of using a given technology is
treated as independent of the choice of other technologies. dearly, these
decisions will be related.®™ A plant setting up a factory LAN will by default
be using computers on the factory floor. The next section explores the

conpl ementarity of various technol ogies.
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To exam ne whether plants that enploy a given technology are nore likely
to use other technologies, a correlation matrix is constructed based on the
residuals fromthe probit nodels anal yzed above. This residual analysis
allows us to exam ne the basic conplenentarity of technol ogy controlling for
differences in plant and industry characteristics. The residuals fromthe
probit can be viewed as the unexpl ai ned portion of the decision to adopt or
not adopt an individual technology. |If the decision to adopt a given
t echnol ogy depends on the use of other technol ogies, then one woul d expect the
residuals fromthe adoption probits to be correlated. Probits for each of the
17 technol ogies are run to generate separate sets of residuals. For the six
t echnol ogi es under study here, separate correlation coefficients between that
technol ogy' s residuals and the sixteen other technol ogy' residuals are
presented in Table 6

The first point to note is that all the correlation coefficients are
positive and statistically significant different fromzero at the one percent
level. This indicates that the usage is correlated across technol ogies.

Pl ants using one advanced technol ogy are nore likely to use other advanced
technol ogies, as well. A second observation is that "related" or "derivative"
t echnol ogi es have relatively high correlation coefficients. The two CAD based
technol ogi es - CAD controll ed nmachines and Digital CAD - are quite correl ated
wi t h CAD/ CAE technol ogy .302 and . 243, respectively. Plants using Autonated
Material Sensors (Columm 4) have a high probability of using Automated Qutput
Sensors (.596), and plants that use LAN' s on the factory floor (Columm 5) also
use LAN' s for technical data (.608). Finally, Flexible Manufacturing Systens
(FMC), Programmmabl e Controllers, and Conputers Used on Factory Floor have
relatively high correlations across the entire set of technologies. The high
positive correlation for FMC is possibly due to the fact that FMCis a
conposite technol ogy. FMC technology is used to organi ze other technol ogies.
The rel atively high correlations observed for Conputers and Programabl e

Controllers may stemfromthe fact that these technol ogi es are buil ding bl ocks
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for other technologies. For exanple, plants using robots may require
progranmmabl e controllers and conputers to operate them

R&D and Technol ogy Usage

The anal ysis so far has focused on basic plant-level characteristics and
the patterns of technology usage. In this part of the analysis, we exam ne
how t echnol ogy usage varies by firmlevel R& intensity. One reason that
firms may differ in their usage of technology nay be due to adjustnment costs
borne in the adoption process. Firms that choose a new technol ogy bear
certain costs associated with the integration of the new capital into the
firm These may be direct costs associated with the training of workers and
managers in the use of that new technol ogy and the indirect cost associated
with the | oss of output due to downtine. Several nodels of technol ogy
adoption and di ffusion (Jensen (1982,1988), Cohen and Levinthal (1989) and
McCardl e (1985)) suggest that information asymretries along with uncertainty
in the profitability of the new technol ogy may affect the speed at which firns
adopt technologies. |If firms that perform nmore R& have hi gher stocks of
know edge concerning "new' technologies, this may yield i nformati onal and cost
advant ages in the adoption of advanced technol ogies. The information
advant age derives fromthe fact that the organi zati ons which engage in R&D are
nore technol ogy aware. The cost advantage conmes fromthe fact that R&D
intensive firms are nore likely to have expertise in advanced technol ogi es and
this leads to lower training and integration costs.

The construction of the R&D variable and the new sanple are descri bed
bel ow. The ideal neasure of a firmis informational capital would be the stock
of know edge prior to the adoption decision. Gven that such a neasure is
unavail able, a variable correlated with the stock of know edge is used in its
pl ace. The neasure of R&D enployed in this analysis is conmpany-|evel R&D
expendi ture divided by conpany-level sales. This provides a neasure of R&D
intensity controlling for overall firmsize. It is inportant that the R&D

variabl e represent the stock of know edge prior to the adoption decision
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Thus, the variable is constructed based on historical R&D expenditure data.
For the results presented in Table 7, the R&D-to-sales ratio is constructed
for 1974. This will proxy for the pre-adoption level of the firms' stock of
know edge. Oher years data for the R&D variabl e have been expl ored,
specifically 1975 & 1977, all the results presented in Table 6 are robust to
the year of the R&D data chosen. The inclusion of R& data reduces the sanple
size significantly for two reasons. First, many conpanies in the 1988 SMI did
not exist in the md 1970's and second, the R&D expenditure survey only
sampl es 3000 companies a year. The latter reason is the source of nost of the
attrition in the sanple. The resulting sanple contains 2434 plants
representing 673 conpanies and is skewed toward | arge, old plants and firms.
Because of data limtations, the age-size parameters are included separately.
Table 7 gives the results for the usage probits with 1974 R&D-to-sal es
rati os included. Plants that belong to firnms with high R&D-to-sales ratios
have hi gher usage rates for all six technologies. The NC/CNC result is not
significant and the Robotics result is significant at the 10 percent |evel but
not at the 5 percent level. Additionally, the nmagnitude of the effect is
relatively large. For CAD/ CAE an average plant in the sanple engaging in no
R&D has a probability of adoption of .701, at the nean R&D | evel that adoption
probability increases to .745, and one standard deviati on above the nmean it is
.803. For AS/ Materials, these nunbers are .583, .602, and . 640,
respectively.? Thus, the effect of firmlevel R& on adoption rates is both
statistically and quantitatively inportant. The renaining variables in the
nodel share sinmilar effects to those reported earlier, except that the defense
and multi-unit dunmies are generally not significant.!® The size parameters
are large and statistically significant, and ol der plants adopt NC/ CNC and
robotics technol ogy nore readily.

Alternative Specifications

In addition to the preceding analysis, several alternative

speci fications, sanples, and definitions have been explored in this research
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First, within two-digit industry probits are estimated to exam ne the
robust ness of the pooled industry results. Probits for each two-digit
i ndustry are estinated separately. The results indicate that the within
i ndustry probits are consistent with the pooled estinmates presented in Table
5. Larger plants have higher adoption rates. The age results are simlar in
that no strong age patterns energe
The second specification allows for a redefinition of the usage variable.
In addition to asking if a plant used a particular technol ogy, the survey al so
requests information on why a particular technology is not utilized. The
respondent could answer that the technology is inappropriate to its current
production process. In an alternative definition of the zero-one adoption
variable, plants that responded that the technology is inappropriate are
excluded fromthe analysis. This reduces the sanple size in the individua
pool ed probit regressions by 20 to 40 percent dependi ng upon technol ogy. The
main results are relatively insensitive to this redefinition. Technol ogy
usage i ncreases as size increases holding age fixed. Additionally, the age
results are invariant to this redefinition of the technol ogy usage vari abl e.
Third, analyses sinmilar to those presented in Table 5 through 7 are
carried out on the 11 other technologies listed in Table 1. The results for
size and R&D are simlar to those presented here. For all 17 technol ogies,
the probability of adoption increases with plant size and the results are
statistically significant at the five percent level. The effect of R&D on
technol ogy adoption is positive for all 17 technologies and is statistically
significant in 13 of the 17. The age results are sinmilar in that they are
relatively weak and vary across technol ogy and industry. These results are
avai l abl e fromthe author by request.
Finally, the adoption rate probits are run using a wei ghted maxi mum
i keli hood approach where the weights used are the survey weights. This
procedure gives nore weight to smaller establishments which are |ess

represented in the sanple. The weighted probits are very sinmlar to the
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results presented in Table 5. The signs, nmagnitudes, and significance tests
of all the paranmeters of interest are very simlar in both the weighted and

unwei ght ed regressions.

V. Summary
Thi s paper provides basic evidence on the patterns of technol ogy
adoption in U S. manufacturing plants. The results show that |arger plants,
pl ants owned by nmulti-unit firms, and plants engaged in defense production
have hi gher adoption rates. Plant age has m xed effects on the adoption of
t echnol ogy dependi ng upon the technol ogy under study. The age results,
however, may be biased because of the selection process at work in the ol der
pl ant cohorts. At a nininmumwe can say that many ol der plants enpl oy
rel atively young technol ogi es and are not trapped into old technol ogies.
Additionally, the findings indicate that technol ogy usage is correl ated
across technologies. Plants that use (do not use) one "advanced" technol ogy
have a tenancy to use (not use) other "advanced" technol ogies. The other main
finding is that plants owned by R& intensive firns have relatively high
adoption rates. This result |ends support to the notion that R&D expenditures
generate spillovers in the use of new production technol ogies. These
spillovers may provide R& intensive firms with cost or informationa
advantages in the use of new technol ogi es.
The results presented here suggest considerable roomfor further studies
of technol ogy adoption using the SMI. Two possible alternatives are the
exami nation of a nore conplete set of plant and firm characteristics and the
i nvestigation of individual plant history and performance. Utilizing data
fromthe 1987 Census of Manufactures, a nmore conplete description of the
rel ati onshi p between technol ogy and i nvest nent, wages, and perfornmance coul d
be undertaken.'® Similarly, the historical analysis could include a
conparison of growth, investnent and productivity of plants which use advanced

technol ogies to plants which do not. In particular, it my prove possible to
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sort through the plant age-sel ection problemdi scussed above through the use

of data on plant failure and pre-adoption plant characteristics.
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Endnot es

1. The cite cones fromp. 2 in Landau and Jorgenson (1986). This point is
al so made in Giliches (1984) (p. 1) where he states that "invention and
techni cal change are the nmajor driving forces of econonic growh."

2. A large body of empirical research in this field has centered on the

anal ysis of the first stage. This research has studied the roles of research
and devel opnent practices, patenting, and firm size and market structure in
generating innovations (Mansfield (1968), Giliches (1984), Levin and Cohen
(1989), Acs and Audretsch (1988)). |In particular, see Levin and Cohen (1989)
for a review of the enpirical literature on innovation and research and

devel opnent. See Audretsch and Acs (1987) for a study on the relationship
bet ween size and patenting.

3. In addition to information about technol ogical usage, the survey al so
asked about planned future use and the reason for non-use of the specific
technologies. In this study, we enploy only the information on use or non-use

of the technol ogy.

4. For a conplete description of the data and nore detail ed sets of tables,
see Manufacturing Technology 1988 . The figures reported in Tables 2 and 3
cone directly fromthis publication

5. The weighting schenme used in this survey is described in detail Appendix C
of Manufacturing Technology 1988. The figures in Tables 2 and 3 are wei ghted
to reflect population totals.

6. The use of a probit functional formfor the technol ogy adoption equation
is sonewhat arbitrary. Each of the reported probits have been run using a

| ogistic specification. The results of these logits are qualitatively simlar
to the reported probits in terns of the magnitude and significance of the
results.

7. Included as defense contractors are plants indicating that they produce
under direct contracts to Departnent of Defense or are subcontractors to the
Depart ment of Defense.

8. For roughly, 3000+ plants in the sanple it nay be possible to construct
the age distribution of the capital stock by tracking the plants investnent
streans in the Longitudi nal Research Database (LRD). However, for the many of
the plants in the survey, information is only available every in the Censuses
of Manufactures which is carried out every five years.

9. A second lintation of the present analysis is that plant characteristics
are only observed at the end of the period. The pre-adoption decision
characteristics of the plant are not observable for the entire sanple. Pre-
adoption characteristics are preferred to post-adopti on because there exists
the possibility that the adoption decision may partially deternm ne post-
adoption characteristics. For exanple, it might be argued that plants which
adopt technol ogies will have higher growh rates and subsequently have | arger
average sizes. Prelimnary exaninations of the historical data (1972, 1977
and 1982 Census of Manufactures data) on the plants in the SMI survey indicate
that growth in plant size as neasured by enploynment is relatively uncorrel ated
with technol ogy usage. O her neasures of the plant growth such as growh in

t he book val ue of capital, however, are highly correlated with the technol ogy
usage. Note, that these explorations only | ook at plants which are survivors.
10. The nunbers presented in Tables 4a-4f differ fromthose in Tables 2 and 3
in that they represented unwei ghted sanple totals. The age-size and size-only
values in the tables change little with the use of weights. However, the age-
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only columms do vary across the wei ghted and unwei ghted neasures. These
totals are available fromthe author on request.

11. Note, the nunber of plants used varies slightly across the six
technol ogi es. The reason for this difference is that are several plants filed
inconmplete forns. |If any on the data, on age, size, or technol ogy adoption is
m ssing then the plant is renmoved fromthese tables and the foll ow ng

anal yses.

12. Likelihood ratio tests were perforned on the restricted vs. unrestricted
nodel with 6 restrictions inposed. The Chi-square statistic for the test is
12.59 at the ninety-five percent level. The test values for the nul

hypot hesis (no age-size interactions) in the CAD/ CAE, NC/ CNC, Robotics,

AS/ Materials, LAN, and Conputer probits are 25.2, 27.0, 16.2, 9.0, 4.4, and
6.8, respectively. Thus, in half the cases the age size interactions are
rejected. Additionally, the possibility for nmulticollinearity between the age
and size variables exists. Dropping size fromthe regressi on does not

i ncrease the significance of the age results nor change any of the paraneters
signs. In fact, when size is renoved fromthe analysis the estinmates of the
age paraneters becone | ess precise.

13. Likelihood Ratio Tests for the inclusion of industry dunmes rejects the
nul I hypothesis of no industry effects in all 6 probits. The Chi-square
statistic for 39 restrictions at the 95 percent-level is 55.7. The test val ues
for the null hypothesis (no age-industry effect) in the CAD/ CAE, NC/ CNC,
Robotics, AS/ Materials, LAN, and Conmputer probits are 725.0, 1145.6, 325.8,
274.0, 168.8 and 262.0, respectively.

14. The data for enploynent size cone fromthe 1987 Census of Manufactures
(CM. Because of an inexact match between the SMI and the CM the overal
sampl e size for the probits which generate Figure 1 is reduced by roughly 500
pl ant s.

15. Because no information on the timng of the adoption decision is available
in the data, technol ogy effects cannot be directly included in the probits in
Table 5. This would involve putting a potentially endogenous regressor on the
right hand side. To avoid this obvious conplication the anal ysis of
technol ogy conpl enentarity is carried out through an exam nation of the

resi dual s.

16. The nean val ue of the R&D-to-domestic net sales ratio is 3.8 percent for
1974. This conpares to the published total of 3.1 percent. The main
difference is due to the fact that the matched sanple (SMI to R&D) is

donmi nated by large firms. The large firm (> 25,000 enpl oyees) published ratio
is 4.2 percent for 1974 which is nore representative of the sanple used in
this analysis. See Research and Devel opnent in Industry: 1987 and previous
years for description of data collection and historical data tables.

17. The base probability for the calculations is constructed fromthe average
of the fitted values M(rmean of $' X) excluding the R&D paraneters.

18. This is due largely to the change in sanple. Alnpst all plants in the
remai ning sanple are nulti-unit firms and nany engage in defense rel ated
production. Thus, there is little variation in these variables in the current
sanpl e.

18. For an analysis of the relationship between technology intensity and
wages see Dunne and Schmitz (1991).
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Tabl e 1:

Descripti on of Technol ogi es

Technol ogy

Descri ption

Conput er Ai ded
Desi gn( CAD)

CAD control |l ed machi nes

Digital CAD

Fl exi bl e Manufacturing
Syst ens/ Cel

Nurmerically Controlled
Machi nes

/ Conput er Controll ed
Machi nes

Mat eri al s Worki ng Lasers
Pi ck/ Pl ace Robots

O her Robots

Aut omatic Storage/
Retrieval Systens

Aut omati c
Gui ded Vehicl e Systens

Use of conputers for drawi ng and designing parts
or products for analysis and testing of designed
parts and products.

Use of CAD output for controlling nmachi nes used
to manufacture the part or product.

Use of digital representation of CAD output for
controlling machi nes used to manufacture the part
or product.

Two or nmore machines with automated materi al
handl i ng capabilities controlled by conputers or
programmabl e controllers, capable of single path
acceptance of raw materials and delivery of

fini shed prod

NC machi nes are controlled by nunerical conmands
punched on paper or plastic nylar tape while CNC
Machi nes are controlled through an interna
conput er.

Laser technol ogy used for welding,
treating, scribing, and narking.

cutting,

A sinmple robot with 1-3 degrees of freedom which
transfer itens fromplace to place

A reprogrammabl e, multifunctioned nmani pul at or
designed to nove materials, parts, tools or
speci al i zed devi ces through variabl e progranmed
noti ons.

Conput er controlled equi pnent providing for the
automati ¢ handling and storage of materials,
parts, and fini shed products.

Vehi cl es equi pped with automatic gui dance devices
programred to follow a path that interfaces with
work stations for automated or manual | oading of

materials, parts, tools, or products.
Techni cal Data Network Use of local area network (LAN) technology to
exchange technical data wi thin design and
engi neeri ng departnents.
(Cont i nued)
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Tabl e 1. Description of

I ndi vi dual

Technol ogi es (Conti nued).

Technol ogy

Description

Fact ory Network

I nt er conpany Conput er
Net wor k

Programmabl e Controllers

Conmput ers Used on
Factory Fl oor

Aut omat ed Sensors Used
on | nputs

Aut omat ed Sensors Used
on Final Product

Use of LAN technol ogy to exchange information
bet ween di fferent points on the factory fl oor

network linking plant to
and/ or custoners.

| nt er conpany conput er
subcontractors, suppliers,

A solid state industrial control device that has
programmabl e nenory for storage of instructions,
whi ch perforns functions equivalent to a relay

panel or wired solid state | ogic control system

Excl ude conmputers used solely for data

acqui sitions or nonitoring. |Include conputers
that may be dedicated to control, but which are
capabl e of being reprogrammed for other
functions.

Aut omat ed equi pnent used to performtests and
i nspections on incomng or in process materials.

Aut omat ed equi prent used to performtests and
i nspections on final products.

Sour ce:

Manuf act uri ng Technol ogy 1988.
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Tabl e 2. Percent of Establishments Using Technol ogy by Two-Digit Industry.
Technol ogy 34 35 36 37 38
Desi gn & Engi neering
Conput er Ai ded 26.8 43. 2 48.5 39.9 48.9
Desi gn
CAD control |l ed 13.1 21.6 16.0 16. 6 14. 6
machi nes
Digital CAD 6.5 11.0 12.8 10.0 12.5
Fl exi bl e Machining &
Assenbl y
Fl exi bl e Manuf act . 9.0 11.0 11.9 12.6 10. 8
Syst ens
NC/ CNC Machi nes 32.2 56.7 34.9 37.3 33.6
Lasers 2.9 3.6 7.5 6.0 4.3
Pi ck/ Pl ace Robots 5.8 13.1 10. 4 8.6
O her Robots 4.4 5.2 6.9 10.5 4.4
Aut omat ed Mat eri al
Handl i ng
Aut omati c Storage/ 1.0 3.6 4.9 4.7 4.2
Retrieval Systens
CGui ded Vehicl e 0.8 1.7 1.8 3.3 1.3
Syst ens
Aut omat ed Sensor Based
| nspection
Mat eri al s Sensors 6.7 8.5 16. 2 12.7 12.2
Qut put Sensors 8.3 9.9 22.2 14. 4 15.4
Comuni cation & Control
LAN for Tech Data 13. 4 18.5 24.9 22.0 25.8
Factory LAN 11.6 16. 3 21.1 18.7 21.3
I nt er conpany 14.9 12. 4 16. 2 21.7 13.8
Conput er Net wor k
Pr ogr ammabl e 26.8 33.9 38.0 32.0 32.7
Controllers
Conput ers Used on 21.1 28.1 34.5 27.4 32.3
Factory Fl oor
Nunber of Establishnments 12746 13176 7293 3425 2916

(Wi ght ed)

Sour ce: Manufacturing Technol ogy,

1988.
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Tabl e 3. Technol ogy Usage by Establishnment Characteristics.

Est abl i shrment 0 Used At Least 1 5 or More
Characteristics
Maj or I ndustry Group
34, Fabricated Metal 32.6 58. 6 17.0
Product s
35, Industrial Mchinery 18.1 75.6 23.1
36, El ectronic Equipnent 17.1 73.4 30.1
37, Transport Equi prent 28.2 62.7 28.7
38, Instrunents 21.3 72.3 25.8
Enpl oynment Si ze d ass
20 to 99 30.5 60.9 13.2
100 to 499 10.1 83.2 27. 4
500 and over 1.5 93.7 79.4
Age of Plant (Years)
Less than 5 25.6 74.0 22.4
5to 15 24.7 75. 2 25.2
16- 30 25.7 73.9 24. 3
Over 30 25.2 74. 4 28.1

Sour ce: Manufacturing Technol ogy 1988.
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Tabl e 4a. CAD/ CAE Adoption Rates:

Pl ant Age by Enpl oynent Size C ass.

20- 100 TE 100- 499 TE >= 500 TE Sanpl e Mean

5 or less . 413 . 596 . 892 . 491
years 726 292 65 1083
5-15 years . 368 . 575 . 814 . 487

1622 1069 307 2998
16- 30 . 311 . 557 . 858 . 513
years. 1136 1191 508 2835
Over 30 . 264 .574 . 878 . 565
years 813 1025 757 2595
Sanpl e . 341 . 571 . 861 . 517

4297 3577 1637 9511

Tabl e 4b. NC/ CNC Adoption Rates:

Pl ant Age by Enpl oynent Size C ass.

20- 100 TE 100- 499 TE >= 500 TE Sanpl e Mean

5 or less . 307 . 419 .594 . 354
years 724 291 64 1079
5-15 years . 329 . 476 . 617 . 411

1610 1067 308 2985
16- 30 . 380 . 544 . 737 . 513
years. 1133 1187 505 2825
Over 30 . 329 . 606 . 813 . 579
years 820 1027 756 2603
Sanpl e . 339 . 531 . 744 . 481

4287 3572 1633 9492

Tabl e 4c. Robotics Adoption Rates:

Pl ant Age by Enpl oynent Size C ass.

20-100 TE 100-499 TE >= 500 TE Sanpl e Mean

5 or less . 035 . 100 . 344 . 070
years 724 291 64 1079
5-15 years . 037 . 148 . 394 . 113

1614 1063 307 2984
16- 30 . 025 . 139 . 470 . 153
years. 1130 1188 506 2824
Over 30 . 030 . 165 . 448 . 205
years 813 1024 756 2593
Sanpl e . 032 . 146 . 441 . 145

4281 3566 1633 9480
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Tabl e 4d. AS/ Materials Adoption Rates:

Pl ant Age by Enpl oynent

Si ze Cl ass.

20- 100 TE 100- 499 TE >= 500 TE Sanpl e Mean

5 or less . 084 . 183 . 371 . 127
years 723 290 62 1075
5-15 years . 069 . 193 . 446 . 152

1611 1062 307 2980
16- 30 . 058 . 137 . 423 . 158
years. 1135 1186 505 2826
Over 30 . 047 . 140 . 401 . 188
years 817 1022 754 2593
Sanpl e . 064 . 158 . 420 . 161

4286 3560 1628 9474

Tabl e 4e. LAN Adoption Rates: Plant Age by Enploynent Size C ass.
20- 100 TE 100- 499 TE >= 500 TE Sanpl e Mean

5 or less . 167 . 278 . 593 . 222
years 723 288 64 1076
5-15 years . 140 . 262 . 536 . 224

1610 1061 308 2979
16- 30 112 . 244 . 507 . 239
years. 1127 1187 507 2821
Over 30 . 105 . 231 . 517 . 275
years 818 1018 752 2588
Sanpl e . 130 . 249 . 521 . 242

4279 3554 1631 9464

Tabl e 4f. Conputer Adoption Rates:

Pl ant Age by Enpl oynent Size C ass.

20-100 TE 100-499 TE >= 500 TE Sanpl e Mean

5 or less . 253 . 433 . 703 . 329
years 723 293 64 1080
5-15 years . 216 . 473 . 726 . 360

1613 1066 307 2988
16- 30 . 194 . 410 . 707 . 377
years. 1133 1189 509 2831
Over 30 . 178 . 434 . 689 . 427
years 818 1024 756 2593
Sanpl e . 209 . 438 . 702 . 380

4287 3574 1636 9497
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Table 5. Technol ogy Adoption Probits.?

Vari abl e CAD/ CAE NC/ CNC Robot i cs
I nt ercept -1.440 -1.521 -2.241
(.129) (.128) (.173)
39 3-digit Yes Yes Yes
| ndustry Dunmi es
Mul ti - Unit . 196 . 116 . 357
(.033) (.034) (.051)
Def ense . 192 . 391 -.195
Contract or (.047) (.046) (.061)
20-99 TE & 5-15 -.079 . 050 . 028
years (.056) (.062) (.101)
20-99 TE & 16-30 -.228 . 102 -.122
years (.063) (.066) (.124)
20-99 TE & > 30 -.289 . 028 -.024
years (.070) (.071) (.131)
100-499 TE & < 5 . 422 . 328 . 397
years (.091) (.093) (.140)
100-499 TE & 5-15 . 392 . 459 . 668
years (.065) (.067) (.107)
100-499 TE & 16- . 353 . 602 . 628
30 years (.065) (.067) (.106)
100-499 TE & > 30 . 439 . 709 . 749
years (.066) (.070) (.107)
>= 500 TE & < 5 1.312 L771 1.165
years (.227) (.173) (.193)
>= 500 TE & 5-15 1. 006 . 870 1. 307
years (.103) (.094) (.122)
>= 500 TE & 16-30 1.195 1.142 1.570
years (.090) (.085) (.1123
>=500 TE & > 30 1. 347 1. 330 1.553
years (.082) (.081) (.109)
Log Li kel ihood -5428. 3 -5425.7 -2998.4
Usage Rate . 517 . 481 . 145
N 9511 9492 9480
LRI . 176 . 175 . 236

IStandard Errors in Parentheses.
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Tabl e 5. Technol ogy Adoption Probits (continued).?

Vari abl e AS/ Materi al s LAN Conput er s
I nt ercept -1.102 -1.071 -.913
(.123) (.124) (.115)
39 3-digit Yes Yes Yes
| ndustry Dunmi es
Mul ti - Unit . 185 . 164 . 264
(.045) (.038) (.034)
Def ense . 158 . 042 . 159
Contract or (.051) (.047) (.045)
20-99 TE & 5-15 -. 086 -.085 -. 107
years (.085) (.069) (.063)
20-99 TE & 16-30 -.162 -.195 -.192
years (.093) (.076) (.068)
20-99 TE & > 30 -. 209 -.193 -.215
years (.105) (.083) (.074)
100-499 TE & < 5 . 392 . 301 . 411
years (.113) (.098) (.091)
100-499 TE & 5-15 . 473 . 286 . 517
years (.085) (.073) (.067)
100-499 TE & 16- . 254 . 263 . 356
30 years (.087) (.072) (.066)
100-499 TE & > 30 . 283 . 232 . 417
years (.090) (.075) (.068)
>= 500 TE & < 5 . 860 1.032 . 994
years (.181) (.172) (.178)
>= 500 TE & 5-15 1. 086 . 902 1.080
years (.105) (.096) (.096)
>= 500 TE & 16-30 1. 067 . 875 1. 050
years (.094) (.084) (.082)
>=500 TE & > 30 1.077 . 954 1.018
years (.090) (.079) (.075)
Log Li kel ihood -3504.1 -4667.8 -5461.5
Usage Rate . 161 . 242 . 380
N 9474 9464 9497
LRI . 161 . 109 . 134

IStandard Errors in Parentheses.
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Tabl e 6. Cross Technology Correlations: Controlling for Industry and Pl ant
Characteristics.”

Technol ogy 1 2 3 4 5 6
Conput er Ai ded Desi gn - . 224 . 084 . 096 .145 . 173
CAD controlled . 302 . 303 . 068 . 122 . 173 . 184
machi nes
Di gital CAD . 243 . 120 . 097 . 136 .153 .138
Fl exi bl e Manuf act. 112 . 170 . 211 . 162 . 153 . 174
Syst ens
NC/ CNC Machi nes . 224 - . 081 . 093 .099 .186
Lasers . 077 . 091 . 181 . 122 . 107 . 105
Pi ck/ Pl ace Robots . 084 . 081 - . 168 . 107 . 140
O her Robots . 068 . 099 . 323 . 149 .140 . 143
Aut omat i c Storage/ . 073 . 064 . 127 . 133 .118 . 107
Retrieval Systens
Gui ded Vehicle . 036 . 051 127 . 094 .091 .075
Syst ens
Mat eri al s Sensors . 096 . 093 . 167 - . 159 . 164
Qut put Sensors . 105 . 074 . 179 . 596 . 178 . 157
LAN for Tech Data . 199 . 109 . 085 . 141 . 608 . 219
Factory LAN . 145 . 099 . 107 . 159 - . 303
I nt er conpany Conput er . 081 . 051 . 114 . 153 . 227 . 198
Net wor k
Programmabl e . 180 . 222 . 204 . 174 . 222 . 346
Controllers
Conputers Used on 172 . 186 . 141 . 164 . 303 -
Factory Fl oor

"All correlation coefficients significant at one percent |evel.
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Table 7. R&D and Technol ogy Usage. '

CAD/ CAE NC/ CNC Robot s AS/ Mat . LAN Conp.
I nt ercept -1.482 -1.439 -2.801 -1.482 -1.232 -.987
(.275) (.261) (.356) (.319) (.272) (.249)
3-digit Ind Y Y Y Y Y Y
RD/ Sal es 3.528 . 841 1.170 1.672 2. 797 2. 250
(.772) (.583) (.606) (.571) (.551) (.564)
Mul ti - Unit . 060 . 027 . 334 . 374 . 298 . 235
(.181) (.183) (.245) (.252) (.200) (.178)
Def ense . 246 . 329 -.245 -.011 -. 050 -. 057
(.108) (.095) (.099) (.091) (.089) (.087)
100-499 TE . 612 . 553 . 778 . 423 . 303 . 479
(.082) (.083) (.125) (.107) (.088) (.081)
>= 500 TE 1. 330 1.031 1. 449 1.162 . 845 . 905
(.096) (.091) (.128) (.110) (.093) (.088)
5-16 years -.175 . 076 . 386 -.098 . 049 . 194
(.134) (.123) (.158) (.137) (.125) (.122)
16- 30 years -. 165 . 198 . 414 -.129 -. 045 111
(.132) (.121) (.156) (.134) (.124) (.120)
> 30 years -. 002 . 320 . 490 -.162 -.024 . 168
(.135) (.124) (.157) (.136) (.126) (.123)
Log -1181.2 -1329.2 -1186.8 -1217.3 -1448. 3 -1528.7
Li kel i hood
Usage Rate . 702 . 625 . 271 . 265 . 373 . 564
N 2429 2422 2420 2417 2419 2427

I1Standard Errors in Parentheses.
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